Background: Nitrogen containing heterocycles are widely used and investigated by pharmaceutical industry, as they are important in discovery and designing of new drug molecules. Drugs with a benzimidazole nucleus possess exclusive structural features and electron-rich atmosphere, which enable them to bind to a number of biologically important targets and result in a wide range of activities. This has served as the basis of the present study whereby new scaffolds with benzimidazole moiety were designed and synthesized.
Introduction
The increased incidences of drug resistance caused by extensive use of antibiotics and immunosuppressive drugs have emerged as a key issue in treatment of microbial infections. There is, therefore, a need for search of efficient, less toxic and structurally new molecules for treatment of these diseases. The discovery and development of drugs with benzimidazole moiety is now an important and attractive subject of interest given their huge therapeutic values [1] . Heterocyclic compounds offer a high degree of structural diversity and have proven to be broadly and economically useful as therapeutic agents like quinoline-branched amines and dimers [2] , 8-substituted quinolines [3] , 2,5-and 4,5-dihydroisoxazole [4] .
The structural isosters of nucleotides, benzimidazole and heterocycles, which interact with biopolymer through the fused heterocyclic nuclei in their structure, may possess potential activity of chemotherapeutics with lower toxicity. It is well established that heterocyclic compounds with nitrogen and sulphur exhibit a wide scope of biological activities. 2-Mercaptobenzimidazole, for example, has been reported for their wide range of pharmacological and clinical applications [5] . On the other hand, azomethine group which is present in various natural and non-natural compounds, is also an important scaffold critical for biological activity of Schiff bases. Owing to their broad spectrum of biological profile, Schiff bases derived from benzimidazole compounds are extensively studied [6] .
Colorectal cancer (CRC) is one of the most common malignancies and a noteworthy reason for growth related mortality around the world. According to World Health Organization (WHO), CRC is the third most regular malignancy, with 1,361,000 cases worldwide. Unfortunately, about 25% of CRC cases are only identified at stage IV (with far off metastases) and nearly half of CRC patients suffered from metastasis in the midst of their lifetime. The treatment outcomes for these patients remain inauspicious whilst approximately half of the patients responded to traditional chemotherapy, most encountered resistance at some stage of treatment, and reoccurrence of the tumors regularly take after. This could be due to cancer stem cells (CSCs) which give rise to heterogeneity within and between tumors [7] .
In recent years, remarkable attention has been directed towards the advancement of benzimidazole heterocyclic molecules as antihistaminic (H 1 -receptor antagonist, e.g. bilastine, 5-HT 3 antagonist, e.g. lerisetron) [8] , antimicrobial (antibiotic, e.g. ridinilazole) [9, 10] , antiulcer (proton pump inhibitor (PPI), e.g. ilaprazole) [11, 12] , antihypertensive (calcium channel blocker, e.g. mibefradil) [13] , antiviral (non-structural protein inhibitor (NS5A), e.g. samatasvir) [14, 15] , antiparasitic (specifically anthelmintic, e.g. flubendazole) [16] , antipsychotic (D 2 receptor antagonist, e.g. clopimozide) [17] , analgesic (opioid analgesic, e.g. clonitazene) [18] , phosphodiesterase inhibitor (PDE3 inhibitor e.g. adibendan) [19, 20] and anticancer (aromatase inhibitor, e.g. liarozole, histone deacetylase inhibitor (HDAC), e.g. pracinostat) [21, 22] agents (Fig. 1) .
Prompted by the aforementioned facts and literature on pharmacologically active heterocyclic benzimidazole nucleus (as reviewed in Fig. 2 ), the present work aimed to synthesize a new series of benzimidazole compounds and evaluate their biological activities.
Results and discussion

Chemistry
The synthesis of benzimidazole derivatives (Z1-Z30) by multistep procedure was shown in Scheme 1. The 1H-benzo[d]imidazol-2-yl 2-chloroethanethioate (intermediate-i) was synthesized by the reaction of chloroacetyl chloride with 2-mercaptobenzimidazole, which on further reaction with corresponding anilines in presence of ethanolic solvent yielded the title compounds (Z1-Z15). The reaction of above synthesized intermediate-i with hydrazine hydrate yielded intermediate-ii. The intermediate-ii on reaction with substituted aldehydes in ethanol resulted in development of title compounds (Z16-Z30) with appreciable yields. The physicochemical properties of compounds (Z1-Z30) are shown in Table 1 .
Spectral characterization data
The assigned molecular scaffolds of the benzimidazole derivatives were authenticated by Infrared (IR), Nuclear Magnetic Resonance (NMR) (proton, carbon), Mass spectrometry (MS) and elemental analysis. The spectroanalytical data has been presented in Table 2 . The IR spectra of compounds exhibited the characteristic secondary (-C=N-) absorption bands around 1345-1254 cm . Appearance of IR stretching vibrations at 1600 and 1450 cm −1 in the spectra of compounds showed the presence of aromatic -C=C-and the peaks at 3112-3068 cm −1 . The N-N peak in the spectra of synthesized derivatives was observed at 1168-1163 cm . The compounds (Z1-Z3, Z6, Z10 and Z16-Z18) showed the characteristic NO 2 group stretching vibrations in the range of 1512-1484 cm
. The compounds (Z4, Z5, Z21 and Z24) exhibited the peaks of Br at 700-600 cm −1 while compounds (Z6-Z8, Z10, Z27 and Z28) showed peaks in the range of 744-738 cm −1 and the fluorine group indicated its peak at 1012-1007 cm . The methyl group present in the compounds (Z9, Z13 and Z20) showed the bands at 2948-2870 cm −1 . The N-CH 3 stretching band in the compounds (Z14, Z15 and Z26) was observed at 2857-2843 cm . The phenolic group present in the compounds (Z19, Z20 and Z22) showed its peaks in the range of 3648-3645 cm −1
. The aldehydic group was confirmed by the appearance of absorption bands at 1728 cm −1 in the compound Z25. The presence of OCH 3 in compounds (Z19, Z20, Z23 and Z30) was observed at peaks in the range of 2839-2818 cm The presence of singlet signal at 1.04-2.12 δ ppm indicated the presence of NH group while the singlet signal at 5.61-7.18 δ ppm confirmed the presence of NH group in imidazole ring. The appearance of singlet signals at 2.00-3.82 δ ppm indicated the presence of -CH 2 in the compounds. The appearance of singlet signal at 1.21-3.63 δ ppm indicated the presence of CH 3 in Z9, Z13-Z15, Z20 and Z26. The singlet signal at 3.59-3.75 δ ppm confirmed the appearance of OCH 3 group in the compounds (Z19, Z23 and Z30) while the singlet signal at 1.21 δ ppm indicated the presence of OC 2 H-5 in compound Z20. 13 C-NMR spectral analyses exhibit the appearance of the carbon atoms in synthesized molecular structures is shown in experimental section. The elemental analyses of compounds were around ± 0.3% of the theoretical results.
Antimicrobial and anticancer screening results
The synthesized benzimidazole compounds were screened for antimicrobial potential by tube dilution method using cefadroxil (antibacterial) and fluconazole (antifungal) as standard drugs against the represented microbial species. Furthermore, the anticancer activity of synthesized compounds against human colorectal carcinoma [HCT116 (ATCC CCL-247)] cancer cell line was assessed by using SRB assay with 5-fluorouracil Table 3 and Figs. 3, 4 whereas the anticancer results are presented in Table 4 .
Structure activity relationship (SAR)
The substitution of halogenated α, β-unsaturated aldehyde i.e. 2-bromo-3-phenylacrylaldehyde (compound Z24) displayed an important role in improving the antiproliferative and antimicrobial activities as compared to (compound Z29) its non-halogenated α, β unsaturated aldehyde. Structure activity relationship study is shown in Fig. 5 .
Methods/experimental
The starting material were purchased from different sources and used without further purification for the synthesis and analytical purpose. The reaction steps were confirmed by TLC (thin layer chromatography). Melting point was determined using labtech melting point equipment. An infrared spectrum was recorded [Attenuated total reflection (ATR), range of 4000-600 cm −1 ] on Bruker 12060280 spectrometer. Proton and carbon-NMR (δ, ppm) spectral analyses were determined by Bruker Avance III at 600 NMR and 150 MHz, respectively spectrometer in deuterated solvent. Waters Micromass Q-ToF Micro instrument was used for MS spectra. Elemental analyses were carried out by C, H and N analyzer (Perkin-Elmer 2400) around ± 0.3% of the theoretical results. The tested microorganism i.e. Gram positive, Gram negative and fungal species were procured from the Institute of Microbial Technology and Gene bank, Chandigarh for the in vitro antimicrobial activity. 
Reaction condition:
Step a: Ethanol, Anhydrous K 2 CO 3 ;
Step b: NH 2 NH 2 .H 2 O, Ethanol;
Step c: Ethanol, Different substituted anilines;
Step d: Ethanol, Glacial acetic acid, Different substituted aldehydes Procedure for synthesis of substituted benzimidazole derivative (Z1-Z30)
Step a: Synthesis of intermediate-i
A mixture of 2-mercaptobenzimidazole (0.01 mol) and chloroacetylchloride (0.01 mol) in ethanol (30 mL) in presence of anhydrous K 2 CO 3 (0.01 mol) was refluxed for 6 h. The precipitated solid was filtered, evaporated to dryness under reduced pressure to get intermediate-i [5] .
Step
b: Synthesis of intermediate-ii
The solution of intermediate-i (0.01 mol) and hydrazine hydrate (0.02 mol) in ethanol (20 mL) was refluxed for 5 h. The solution was then poured in ice cold water and resulting solid was filtered, dried and recrystallized from ethanol [23] .
Step c: Synthesis of title compounds Z1-Z15
An equimolar mixture of intermediate-i and substituted aniline in ethanol was refluxed for 4-5 h. After completion of reaction, it was poured into ice cold water and the precipitated title compound was filtered, dried and recrystallized from ethanol [24] .
Step d: Synthesis of title compounds Z16-Z30
An equimolar mixture of intermediate-ii and substituted aromatic aldehydes with 2-3 drops of glacial acetic acid in ethanol (20 mL) was refluxed for 6 h. The resultant 
Biological evaluation
Antimicrobial evaluation (MIC)
The antimicrobial evaluation of the synthesized derivatives was carried out by tube dilution method [25] towards selected Gram positive, Gram negative and fungal microorganisms shown in Table 3 . The screening results were compared with standard drugs i.e. cefadroxil and fluconazole.
The stock solutions (100 µg/mL)
The tested compounds and standard drugs were prepared in dimethylsulfoxide and further diluted up to six concentrations [26] .
Broth media
Sabouraud dextrose broth used for antifungal activity and double strength nutrient broth used for antibacterial activity. Z2  Z3  Z4  Z5  Z6  Z7  Z8  Z9  Z10  Z11  Z12  Z13  Z14  Z15  Z16  Z17  Z18  Z19  Z20  Z21  Z22  Z23  Z24  Z25  Z26  Z27  Z28  Z29 Table 4 Anticancer screening results of synthesized derivatives
Incubation periods
The compounds were incubated at 25 ± 1 °C for 7 days (fungi-A. niger), at 37 ± 1 °C for 24 h (bacteria) and at 37 ± 1 °C for 48 h (fungi-C. albicans), respectively.
Anticancer evaluation (IC 50 )
The antiproliferative activity was determined by SRB assay. Briefly, HCT116 was seeded onto the 96 well plate at 2500 cells/well. The cells were allowed to attach overnight before being exposed to the respective compounds (0.01-100 µg/mL) for 72 h. The highest concentration of each compound tested (100 µg/mL) contained only 0.1% DMSO (non-cytotoxic). SRB assay [27] was then performed whereby the cells were fixed using trichloroacetic acid for 30 min at 4 °C and stained with 0.4% (w/v) SRB mixed with 1% acetic acid for 15 min. After five washes with 1% acetic acid solution, the protein-bound dye was extracted with 10 mM tris base solution. Optical density was read at 570 nm and IC 50 (i.e. concentration required to inhibit 50% of the cells) of each compound was determined. Anticancer results were presented as mean IC 50 of at least triplicates.
Conclusion
In this study, the synthesized benzimidazole scaffolds were authenticated by their consistent spectral data. The antimicrobial potential of synthesized compounds was assessed against different fungal and bacterial species, along with their anticancer activity against HCT116 cell line. The activity results indicated that the presence of α-bromo group in benzylidene portion (compound 24)
played an important role in improving the antimicrobial as well as antiproliferative activities and may be used as a lead for the discovery of new antimicrobial and anticancer agents. 
